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Effectiveness of bivalent mRNA booster vaccines against
COVID-19: methodological and public health considerations

The decreasing effectiveness of COVID-19-vaccines
against the omicron (B.1.1.529) variant of SARS-CoV-2*?
was caused by mutations in the spike protein, which
made adaptations of the vaccines necessary. In August,
2022, the US Food and Drug Administration approved
two bivalent mRNA booster vaccines directed against
the wild-type strain as well as omicron BA.4 and BA.5
sublineages.? However, because this approval was based
on laboratory data rather than clinical effectiveness
data, real-world data on effectiveness, especially against
public health relevant endpoints (eg, hospitalisation
and death), are needed.

In The Lancet Infectious Diseases, Ronen Arbel and
colleagues* report the findings of their study that
aimed to evaluate the effectiveness of a bivalent mRNA
vaccine booster dose to prevent severe COVID-19
outcomes. In this retrospective cohort study in Israel,
569519 eligible participants (mean age 752 years
[SD7-5],314319 [55%] were female, and 255200 [45%|
were male) were identified from Clalit Health Services.
Electronic medical records of 134215 participants who
received a Pfizer-BioNTech bivalent mRNA vaccine
booster dose were compared with 435304 participants
who did not receive a bivalent booster dose. The
adjusted hazard ratio (HR) against hospitalisation due
to COVID-19 was 0-28 (95% Cl 0-19-0-40), indicating
a relative vaccine effectiveness of 72% (95% Cl 60-81).
The adjusted HR against death due to COVID-19 was
0-32 (95% CI 0-18-0-58), indicating a relative vaccine
effectiveness of 68% (95% Cl 42-82). HRs were adjusted
for a large number of potential confounders, including
number of previous COVID-19 vaccine doses, time
interval since most recent vaccination, previous SARS-
CoV-2 infections, sociodemographic variables, and
comorbidities.

As discussed by Arbel and colleagues,* these results
are broadly similar to those from a US Centers for
Disease Control and Prevention (CDC) study based on
surveillance data, where relative vaccine effectiveness
of a bivalent booster against COVID-19-associated
hospitalisation was 73% (95% Cl 52 to 85). However, it
must be noted that all participants in the CDC study had
received at least two monovalent-only mRNA vaccine

doses, and participants who had received a bivalent
booster additionally were compared with those who had
not, which means that the numbers of doses received in
the groups were most probably unequal.® In a study from
North Carolina, USA, which compared participants who
had received a monovalent booster with participants
who had received a bivalent booster, relative vaccine
effectiveness against hospitalisation or death was 49-8%
(95% Cl -37-5 to 125-8) for the first bivalent booster
dose compared with the first monovalent booster dose,
and 31-8% (7-3 to 71-1) for the second bivalent booster
dose compared with the second monovalent booster
dose.® A study from several countries in northern Europe
compared 3368 697 participants who had received four
vaccine doses with the same number of participants
(1:1 matching) who had received three monovalent
vaccine doses. The relative vaccine effectiveness
against COVID-19 hospitalisation was 80-5% (95% Cl
69-5 to 91-5) for vaccines adapted for BA.4 and BA.5
and 74-0% (68-6 to 79-4) for vaccines adapted for BA.1.
Compared with vaccines adapted for BA.1, vaccines
adapted for BA.4 and BA.5 had a relative vaccine
effectiveness of 32:3% (95% Cl 10-6 to 53-9) against
COVID-19-related hospitalisation.”

Most of the currently available evidence shows high
effectiveness against hospitalisation and death due to
COVID-19 for bivalent mRNA vaccine booster doses
as an additional vaccine dose and when compared
with a monovalent booster dose. The study by Arbel
and colleagues* is an important contribution to this
evidence base. Furthermore, their study identifies
some important methodological issues that should
be considered when designing and analysing new
studies on vaccine effectiveness against COVID-19.
To obtain interpretable estimates of effectiveness
for bivalent booster vaccines, it is crucial to compare
with—or to adjust for—equivalent number of vaccine
doses and time since last vaccination, as the number
of vaccine doses and waning of vaccine effectiveness
time can influence estimates substantially.
Furthermore, definitions of hospitalisation and death
due to COVID-19 are important. Arbel and colleagues
used the primary diagnosis in the discharge letter or
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primary cause of death in the death certificate as reliable
surrogates for these endpoints. However, temporal
coincidence of SARS-CoV-2 infection and hospitalisation
can lead to misclassification, because for the majority
of hospitalised patients during the omicron-dominant
pandemic wave, SARS-CoV-2 infection was a secondary
diagnosis.® It is therefore important to thoroughly
describe the criteria used to define hospitalisation (or
death) due to COVID-19.

To illustrate the public health impact, Arbel and
colleagues* calculated the respective number needed
to vaccinate to prevent one event for both outcomes
in their study. While the number needed to vaccinate
to prevent one COVID-19-related hospitalisation was
high (1118 people, 95% Cl 993-1341), it was higher still
to prevent one COVID-19-related death (3722 people,
3086-6026). As health-care resources are scarce in
many countries, we need to consider the settings and
populations in which bivalent booster vaccines are
beneficial. Further studies with different populations
and health economic evaluations are needed to improve
the evidence base forimmunisation programmes.

We declare no competing interests.
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